Bacteria in Iowa's Water Resources, 2003 by unknown
  
!"#$%"&'(#&)'*+,&-#./&.01&'./"23)4*&*0&5#'.6)
'./"2)&.2"&"7$#)"1&/#&+.08&2*)4)9&:("&;2"./")/&2*)4
*)&12#'0*0;&1<"&/#&=%#<18&'./"2&#2&%.=4&#>&)<$"2?*3
)*#09&&@#0/.=/&'*/(&'./"2&.%)#&-2*0;)&.&)+.%%&2*)4&#>
=#0/2.=/*0;&.&'./"2-#20"&*%%0"))&>2#+&+*=2##2;.03
*)+)9&A(*%"&+#)/&+*=2##2;.0*)+)&.2"&(.2+%")),
#/("2)&B=.%%"1&!"#$%&'()C&=.0&=.<)"&1*)".)"9
*"#$%&'()
D.08&1*>>"2"0/&4*01)&#>&-.=/"2*.,&?*2<)")&.01&$.2.)*/")
%*?"&*0&/("&*0/")/*0")&#>&'.2+3-%##1"1&.0*+.%),&*0=%<13
*0;&(<+.0)9&E&)+.%%&$#2/*#0&#>&/(")"&+*=2##2;.0*)+)
.2"&=.%%"1&$./(#;"0)&-"=.<)"&/("8&=.0&=.<)"&1*)".)"9
F#2&*0)/.0=",&$./(#;"0*=&!"#$%&'&*)&.&)+.%%&$#2/*#0&#>&/("&%.2;"2&=#%*>#2+&;2#<$,&-</&0#/&.%%
!"#$%&'&=.<)"&1*)".)"&BF*;<2"&GC9&A("0&$"#$%"&=#+"&*0/#&=#0/.=/&'*/(&#2&)'.%%#'&$./(#3
;"0*=&#2;.0*)+)&*0&'./"2,&/("8&+.8&1"?"%#$&)8+$/#+)&/(./&*0=%<1"&>"?"2,&)#2"&/(2#./,
1*.22(".&.01&.-1#+*0.%&=2.+$),&.)&'"%%&.)&".2,&)4*0&.01&2")$*2./#28&*0>"=/*#0)9
!./(#;"0&/")/*0;&*0&'./"2&*)&1*>>*=<%/&.01&"7$"0)*?"9&H#/&+.08&%.-#2./#2*")&*0&/("&I0*/"1
J/./")&(.?"&/("&=.$.-*%*/8&/#&/")/&>#2&$./(#;"0)&>2#+&"0?*2#0+"0/.%&)#<2=")&B"9;9&'./"2,
)#*%,&.*2C9&!./(#;"0)&/"01&/#&#==<2&*0&%#'&=#0="0/2./*#0)&*0&'./"2,&/("2">#2"&%.2;"&?#%<+")
#>&'./"2&.2"&0""1"1&/#&>*01&/("+9&F#2&"7.+$%",&+.08&;.%%#0)&#>&'./"2&.2"&0""1"1&/#&/")/
>#2&(')*+'),&.&/8$"&#>&$.2.)*/"9&K.-#2./#28&=#)/)&+.4"&/(")"&/")/)&L<*/"&"7$"0)*?"9&50
.11*/*#0,&)"?"2.%&/8$")&#>&$./(#;"0)&=#<%1&"7*)/&*0&=#0/.+*0./"1&'./"2&.01&*/&'#<%1&-"
=#)/&$2#(*-*/*?"&/#&/")/&>#2&".=(&$./(#;"09&:("2">#2",&/")/*0;&>#2&$./(#;"0)&*)&0#/&2"=#+3
+"01"1&-8&(".%/(&)=*"0/*)/)&.01&#>>*=*.%)&/#&.))"))&2"=2"./*#0.%&'./"2&).>"/89
+(,-."#%/01".#'/-"
:#&#?"2=#+"&/(")"&1*>>*=<%/*"),&2'."3&-(,-."#%/04".#'/-"&.2"&<)"1&/#&M*01*=./"N&/("&$2")3
"0="&#>&>"=.%&+./"2*.%&*0&/("&'./"2&.01&*01*=./"&/("&%*4"%*(##1&/(./&"0/"2*=&B>"=.%C&$./(#3
;"0)&.2"&$2")"0/9&F"=.%&*01*=./#2&-.=/"2*.&.2"&;"0"2.%%8&(.2+%"))&.01&<)<.%%8&$2")"0/
1".#'/-"0-(0+%5"6)07"#'/08')%9/.')
7"#'/0:".#0;$''#0<==>?<O.0<.28&&PQQR
!"#$%&'()',%&'-%*.#/)$01*')#2*%34"
5'61#+%17#8%0#*14*17180#091#)$03)&
41*$180)21#%-#1)$9#73/710"
@330A%3-2%/B0CD!')
:'."30A%3-2%/B
*)'+,-"
*"#$%&'(-.
*)'+,-"
'("0&$./(#;"0)&.2"&$2")"0/9&E&(*;("2
%"?"%&#>&>"=.%&*01*=./#2&-.=/"2*.&)*;0*>*")&.
;2"./"2&%"?"%&#>&=#0/.+*0./*#0&>2#+&>"=.%
+.//"2&.01&.&;2"./"2&=(.0="&/(./&$./(#3
;"0*=&+*=2#-")&+.8&-"&$2")"0/9&F"=.%
*01*=./#2&-.=/"2*.&#==<2&*0&;2"./"2&0<+-"2)
/(.0&$./(#;"0)&.01&.2"&".)*"2&/#&*)#%./"&*0
.&%.-#2./#28,&)#&*/&*)&+#2"&=#)/&">>"=/*?"&/#
/")/&>#2&/("+9&E%)#,&>"=.%&*01*=./#2&-.=/"2*.
.2"&$2")"0/&'("0&>"=.%&+./"2*.%&*)&$2")"0/,
'(*=(&*)&0#/&.%'.8)&/("&=.)"&'*/(&"0/"2*=&$./(#;"0)9&5#'.6)&E+-*"0/&A./"2&D#0*/#2*0;
!2#;2.+&/")/)&>#2&/(2""&/8$")&#>&>"=.%&*01*=./#2&-.=/"2*.&./&".=(&#>&/("&RS&)/./"3#'0"1
-".=(")T&>"=.%&=#%*>#2+,&!"#$%&'&.01&"0/"2#=#==*9
;%9/.')0"(,0#/"()!%/#
A./"2&=.0&-"=#+"&=#0/.+*0./"1&'*/(&>"=.%&+./"2*.%&*0&.&0<+-"2&#>&'.8)9&U<+.0&)#<2=")
*0=%<1"&%".4*0;&)"'.;"&%.;##0),&+.%><0=/*#0*0;&)"$/*=&)8)/"+),&)"'.;"&/2"./+"0/&$%.0/
1*)=(.2;"),&1*2/8&1*.$"2),&.01&-#./*0;&#2&)'*++*0;&>"=.%&M.==*1"0/)9N&J#<2=")&#>&>"=.%
+./"2*.%&>2#+&.0*+.%)&*0=%<1"&#?"2>%#'*0;&%.;##0),&+.0<2"&)$*%%),&2<0#>>&>2#+&>*"%1)&.>/"2
+.0<2"&.$$%*=./*#0,&)/#2+&'./"2&2<0#>>&>2#+&%.01)&'*/(&'*%1%*>"&#2&$"/&12#$$*0;),&.01
>"=.%&+./"2*.%&"7$"%%"1&-8&.0*+.%)&)/.01*0;&*0&/("&'./"29
F"=.%&+./"2*.%&>2#+&/(")"&)#<2=")&=.0&-"&/2.0)$#2/"1&/#&2*?"2),&)/2".+)&.01&%.4")&"*/("2
1*2"=/%8&#2&/(2#<;(&2<0#>>&>2#+&/("&%.01&)<2>.="9&V./.&=#%%"=/"1&-8&/("&5#'.&VHW&)(#')
-.=/"2*.&%"?"%)&B*0&+#)/&.2".)&#>&5#'.C&/"01&/#&*0=2".)"&12.+./*=.%%8&.>/"2&(".?8&2.*0>.%%)9
:(*)&*01*=./")&/(./&2<0#>>&>2#+&/("&%.01&)<2>.="&*)&.&)*;0*>*=.0/&/2.0)$#2/&+"=(.0*)+&>#2
-.=/"2*.&.01&>"=.%&+./"2*.%&*0&5#'.6)&'./"2'.8)9
E&="2/.*0&.+#<0/&#>&>"=.%&-.=/"2*.&*)&$2")"0/&*0&#<2&%.4"&'./"2&/(2#<;(#</&/("&8".29&W"3
)".2=(&)(#')&/("*2&)<2?*?.%&=.0&-"&*0>%<"0="1&-8&'./"2&/"+$"2./<2"&.01&)<0%*;(/9&X.=/"2*.
%"?"%)&>#%%#'&.&)".)#0.%&/2"01&'*/(&(*;("2&%"?"%)&#==<22*0;&*0&/("&)<++"2&+#0/()&#>&O<0",
O<%8,&.01&E<;<)/&.01&%#'"2&%"?"%)&#==<22*0;&1<2*0;&/("&'*0/"2&+#0/()&#>&V"="+-"2,
O.0<.28&.01&F"-2<.289&:("&<%/2.?*#%"/&2.1*./*#0&*0&)<0%*;(/&("%$)&/#&1*)*0>"=/&'./"2&-8
4*%%*0;&>"=.%&-.=/"2*.9&A(*%"&2.*0>.%%&=.0&*0=2".)"&-.=/"2*.&%"?"%)&-8&/2.0)$#2/*0;&+#2"
-.=/"2*.&/#&'./"2,&.&>"'&)<008&1.8)&=.0&1"=2".)"&/("&-.=/"2*.&=#<0/9
1".#'/-"0;#"(,"/,)
:#&$2#/"=/&/("&$<-%*=,&/("&)/./"&(.)&.1#$/"1&-.=/"2*.%&)/.01.21)&>#2&M@%.))&EN&$2*+.28
=#0/.=/&'./"2&-#1*"),&'(*=(&*0=%<1"&/(#)"&<)"1&>#2&)'*++*0;9&:("&5#'.&E1+*0*)/2./*?"
!"#$%&'.)#(1%.10*'$#.1)8#-%*.3&)#)8+#1:).4&1"
Geometric Mean 
571
5
270020120105 =++++=
502700201201055 =∗∗∗∗=Geometric Mean 
Example: Lake of Three Fires 
where x is a single bacteria result 
5
54321 xxxxx ∗∗∗∗=
Average 
5/1/2002 6/1/2002 7/1/2002 8/1/2002 9/1/2002 10/1/2002
Lo
g 
of
 c
ol
on
ie
s 
pe
r 1
00
 m
L
1
10
100
1000
10000
E. coli
Fecal coliform
@#1"&)/./"),&M@%.))&E
'./"2)&)(.%%&(.?"&.
;"#+"/2*=&+".0&>#2&>"=.%
=#%*>#2+&#>&%"))&/(.0&PQQ
#2;.0*)+)&$"2&GQQ&+%&#>
'./"2&1<2*0;&/("&2"=2"3
./*#0&)".)#0N&BE$2*%&G&/#
Y=/#-"2&RGC9&:("&&'%?
B'#/-.0B'"(&*)&2"=#+3
+"01"1&.)&.&;<*1"%*0"
-8&/("&I9J9&Z0?*2#0+"03
/.%&!2#/"=/*#0&E;"0=8
BZ!EC&.01&*)&=.%=<%./"1
<)*0;&>*?"&).+$%")&#?"2&.
RQ31.8&$"2*#1&BF*;<2"&PC9
:("&;"#+"/2*=&+".0
.==#<0/)&>#2&/("&'*1"
>%<=/<./*#0&*0&%"?"%)&#>
*01*=./#2&-.=/"2*.&*0
'./"2&).+$%")&.01&/(<)&+*0*+*[")&/("&*0>%<"0="&#>&.&#0"3/*+"&(*;(&2")<%/&B)""&=.%=<%.3
/*#0)&>#2&K.4"&#>&:(2""&F*2")&*0&F*;<2"&PC9&:("2">#2",&/#&;"0"2./"&.&(*;(&;"#+"/2*=&+".0,
/("&'./"2&-#18&/8$*=.%%8&+<)/&(.?"&=(2#0*=.%%8&(*;(&-.=/"2*.&%"?"%)9
:("&)/./"&)/.01.21&>#2&>"=.%&=#%*>#2+&*)&-.)"1&#0&;<*1"%*0")&1"?"%#$"1&*0&G\]^&-8&/("
F"1"2.%&A./"2&!#%%</*#0&@#0/2#%&E1+*0*)/2./*#0&#>&/("&V"$.2/+"0/&#>&/("&50/"2*#29&D#2"
2"="0/&"$*1"+*#%#;*=.%&)/<1*")&=#01<=/"1&-8&Z!E&(.?"&1"+#0)/2./"1&/(./&!"#$%&';#*0&>2")(
'./"2),&)(#')&.&)/2#0;"2&=#22"%./*#0&/#&)'*++*0;32"%./"1&*%%0"))&/(.0&>"=.%&=#%*>#2+9&:("
Z!E&(.)&1"?"%#$"1&0"'&;<*1"%*0")&>#2&!"#$%&'&-.)"1&#0&.0&.=="$/.-%"&*%%0"))&2./"&#>&"*;(/
*%%0"))")&*0&G,QQQ&$"#$%"9&:("&!"#$%&'&;<*1"%*0"&2"=#++"01"1&-8&Z!E&*)&.&;"#+"/2*=&+".0
#>&GP]&#2;.0*)+)&$"2&GQQ&+%&#>&'./"29&5#'.&*)&=<22"0/%8&*0&/("&$2#="))&#>&2"?*)*0;&*/)&@%.))
E&1">*0*/*#0)&.01&+#?*0;&/#'.21&.0&!"#$%&'&)/.01.219&A./"2&+#0*/#2*0;&1./.&*0&5#'.&)(#'
>"=.%&=#%*>#2+&.01&!"#$%&'&%"?"%)&/#&-"&=%#)"%8&2"%./"1&BF*;<2"&RC9
E'"3#$0A%(.'/()
Z$*1"+*#%#;*=.%&)/<1*")&=#01<=/"1&-8&Z!E&(.?"&1"+#0)/2./"1&/(./&.0&*0=2".)"1&.+#<0/
#>&*01*=./#2&-.=/"2*.&)<;;")/)&.0&*0=2".)"1&2*)4&#>&'./"2-#20"&*%%0"))9&U#'"?"2,&/#&1./",
0#&=#0>*2+"1&=.)")&#>&'./"2-#20"&*%%0"))&>2#+&#<2&%.4")&(.?"&-""0&2"$#2/"1&*0&5#'.9&:("
%.=4&#>&1#=<+"0/"1&=.)")&=#<%1&-"&-"=.<)"&'./"23-#20"&*%%0"))")&.2"&<01"232"$#2/"1&.01
-"=.<)"&+.08&$"#$%"&'*/(&)8+$/#+)&1#&0#/&)""4&+"1*=.%&.//"0/*#09&50&.11*/*#0,&+.08&#>
/(")"&Z!E&)/<1*")&'"2"&=#+$%"/"1&*0&#/("2&$.2/)&#>&/("&=#<0/289&D#2"&2")".2=(&*)&0""1"1
/#&.))"))&/("&2*)4&#>&*%%0"))&1<"&/#&(*;(&%"?"%)&#>&*01*=./#2&-.=/"2*.&*0&5#'.6)&2*?"2)&.01
%.4")9
!"#$%&'/)'<1$)&#$%&'-%*.#)8+#!"#$%&'#&1=1&7#)0#>%$?#,*11?#50)01
@)*?#'8#ABBA"##C%8'0%*'82#+)0)#'8#D%E)#79%E#-1$)&#$%&'-%*.
)8+#!"#$%&'#&1=1&7#)*1#$&%71&F#*1&)01+"
FB'/&-(&0C'.$(%3%&D
E&0"'&/"=(0#%#;8&+.8&.))*)/&/("&VHW&*0
/2.=4*0;&-.=/"2*.&)#<2=")9&:(*)&+"/(#1,&=.%%"1
2*-#/8$*0;,&*)&.&+#%"=<%.2&M>*0;"2$2*0/*0;N
/"=(0*L<"&/(./&=.0&*1"0/*>8&-.=/"2*.&-.)"1
<$#0&1*>>"2"0=")&*0&.&$#2/*#0&#>&/("&VHE
+#%"=<%"9&W")".2=("2)&(.?"&)(#'0&/(./&1*>>"23
"0/&/8$")&#>&.0*+.%)&(.?"&1*>>"2"0/&!"#$%&'
VHE&>*0;"2$2*0/)9&E&>*0;"2$2*0/&1./.-.)"&'*%%
0""1&/#&-"&")/.-%*)("1&>2#+&40#'0&.0*+.%&!"
$%&'&=<%/<2")9&Y0="&.&)<-)/.0/*.%&.+#<0/&#>&!"
$%&'&=<%/<2")&.2"&=#%%"=/"1&.01&>*0;"2$2*0/"1,
<040#'0&).+$%")&>2#+&)/2".+)&#2&%.4")&=.0
-"&=#+$.2"1&/#&40#'0&$.//"20)&*0&/("&1./.3
-.)"&/#&.))"))&/("&$#/"0/*.%&)#<2=")&#>&=#03
/.+*0./*#09&E/&/(*)&$#*0/,&.0.%8[*0;&/(")"&).+$%")&*)&L<*/"&=#)/%8&.01&%.-#2&*0/"0)*?",
(#'"?"2,&0"'&/"=(0*L<")&#>&.0.%8)*)&+.8&+.4"&/("&+"/(#1&>".)*-%"&*0&/("&></<2"9
:("&$2#="))&#>&)#<2="3/2.=4*0;&'*%%&.))*)/&/("&)/./"&.01&*01*?*1<.%&=*/*["0)&*0&+.4*0;
)#<01&%.013+.0.;"+"0/&1"=*)*#0)&/#&+*0*+*["&/("&*+$.=/&#>&-.=/"2*.&#0&/("&"0?*2#0+"0/
.01&/#&1"=2".)"&/("&2*)4&#>&'./"2-#20"&*%%0"))9&:("&*0?")/*;./*#0&#>&)#<2=")&#>&-.=/"2*.
B.01&/("*2&.))#=*./"1&$./(#;"0)C&*+$2#?")&#<2&<01"2)/.01*0;&#>&/("&/2.0)$#2/&.01&)<2?*?.%
#>&-.=/"2*.&*0&/("&"0?*2#0+"0/,&.01&.%%#')&/("&5#'.&VHW&/#&-"//"2&$2#/"=/&/("&$<-%*=9
@*14)*1+#/F
D%E)#G14)*0.180#%-#H)03*)&#>17%3*$17;#(1%&%2'$)&#53*=1F
IBJ#K*%E/*'+21#L)&&;#D%E)#,'0F;#DM#NAAOAPIQIJ
!$01"0#
A./"2&+#0*/#2*0;&.=/*?*/*")&#>&/("&5#'.&V"$.2/+"0/&#>&H./<2.%&W")#<2=")&.2"&><01"1&-8&5#'.&50>2.)/2<=/<2"
_&Z0?*2#0+"0/&F*2)/&F<01&.$$2#$2*./*#0),&.)&'"%%&.)&;2.0/)&$2#?*1"1&-8&/("&I9J9&Z0?*2#0+"0/.%&!2#/"=/*#0
E;"0=8&>2#+&J"=/*#0)&GQ]&.01&RG\&#>&/("&@%".0&A./"2&E=/9
2+30,4-&1#&5&067
:("&5VHW&'#<%1&%*4"&/#&.=40#'%"1;"&/("&=#0/2*-</*#0)&#>&=#0/2.=/#2)&*0?#%?"1&'*/(&/("&'./"23+#0*/#2*0;
$2#;2.+&*0=%<1*0;&/("&I0*?"2)*/8&#>&5#'.&U8;*"0*=&K.-#2./#28,&5#'.&V"$.2/+"0/&#>&!<-%*=&U".%/(,&.01
I0*/"1&J/./")&`"#%#;*=.%&J<2?"89&J/.>>&>2#+&5VHW&@#0)"2?./*#0&.01&W"=2"./*#0&V*?*)*#0&.01&Z0?*2#0+"0/.%
J"2?*=")&V*?*)*#0&_&A./"2&a<.%*/8&X<2".<&(.?"&;2.=*#<)%8&$2#?*1"1&+.08&(#<2)&*0&/("&1"?"%#$+"0/&.01
*+$%"+"0/./*#0&#>&/(*)&$2#;2.+9&:("&1"1*=./*#0,&(.21&'#24&.01&?*)*#0&#>&/("&=<22"0/&'./"2&+#0*/#2*0;
)/.>>&*)&.%)#&;2"./%8&.$$2"=*./"19
A./"2&D#0*/#2*0;&!2#;2.+&A"-&J*/"&_&'''9*;)-9<*#'.9"1<b'./"2
!"#$%&'8)#R)$01*')#$3&03*1+#'8#)#@10*'#+'79"
